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“Terbium Sisters” for Theragnostics: pS|
Terbium A Multi-Purpose Element -
SINQ (NIS)

Isotope Ti/2 Decay mode Potential use
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Targeted Alpha Therapy is a Hot Topic!  PSI
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Multiple a/p~-decaying daughter nuclides can cause much damage,
Resulting in side effects!

149§ m | EC | 149Fy | EC |149Gd | EC76%|149Tb

stable 93.1d 9.3d B* 7% 41h
Transport loss

between Geneva and PSl:
50% —> ~200 MBq
—barely enough for

preclinical (animal) studies
4

149Th has NO a-daughters!

Umbricht et al. , Scientific Reports, 2019



World’s most
powerful DC beam
of 2.2 mA 590 MeV
protons @ PSI

149Th Production @ PSI-HIPA
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Production of Radionuclides in Spallation PSI
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The IMPACT Project 2021

Beam splitter for 100 pA 590 MeV p

Beam wobbler

Sliced beam distribution
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Target, target chamber & media supply (prelim. concept)

Gate valve

Cooling of contacts ISOLDE-type ta rget

High current connector
(4’000 A)

Cooling of media plate

2x 1000 A lonizer heating

Cooling of chamber

Gas line ioniser (plasma)
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In-situ Dose & Shielding Target y PSI
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TATTOOS Secondary beam line PSI
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lonization Laser Resonance (RILIS)

PSI

Element specific:
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Mass separation simulation @ ion beam of 0.1 uA
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X(mm) - X'(mrad) Y(mm) - Y'(mrad)
1 1
| |
0.020 =
o015 4 10° 0.5 0.5
0.010 -
0.005 . 3 : 102 -10—_
j‘ _?‘ ‘p‘ : o — R O —— ANkt e SN S— Y
0.000 - a : ’ t . 0.5 -2 -1 0 1 2
# & m R(mm) - R'(mrad) X(mm) - Y(mm)
—0.005 A 1 1
100 107 [ | [
-0.010 1 . | 2__ s
~0.015 - 1 i 1
—-0.020 : : ! ! ; ! ! 100 _05 O_ _05
—0.020-0.015-0.010-0.005 0.000 0.005 0.010 0.015 0.020
x [mm] 4
| 2]
-10- |
T T T T T -0 T T T — T -0
0 0.5 1 1.5 2 2.5 -2 -1 1 2




Mass separation simulation @ ion beam of 10-20 uA
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The ISOL - principle e.g. Terbium-149

14

Mass Separation
isotope specific

Laser Resonance lonization
element specific
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PSI

lon sampling and radiochemical separation of mass isobars
in shielded cells

Copyright ITD Dresden
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The integrated radiopharmaceutical approach PSI

@ PSI through a joint effort

Center for Nuclear Engineering P Center for Life Sciences (CLS)
and Sciences (NES) A‘ l
Laboratory of Radiochemistry & Center for Radiopharmaceutical Sciences
Expertise in Isotope production, Expertise in Radiolabeling chemistry,
Preclinical assessment

chemical separation and handling,

fundamental radiochemical research and Radionuclide therapy development, GMP
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Radlonucllde Development group



TATTOOS Building PSI

17 10/30/2024



 PSI

Ground floor

Material loc /\

Emergency

,.
Tove

ground

Access A-Lab
is~1m

SO =gy Ot crane
NG | AW - access

1x1 m?2



Second floor on ~5m height
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Required TATTOOS Building Height

A A Exchange Flask Upper Level
4.5m
\
End of Shielding .
1.0m Full Building:
12.0m 1.0m 14 m + Crane (60t) + Roof = 20 m
A Bridge Level
1.0m b
)\ Service Level
3.5m
N ) Beamline
A <
1.5m
\ \

Floor
20 Page 20






Basement
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Time-line TATTOOS PSI

Decision: Ready for Long Shutdown Start Long Shutdown Re-Start HIPA (Proton Beam & User Operation)

sD Beam OP sD Beam OP sD Beam OP sD Beam OP Long Shutdown Beam OP sD Beam OP sD Beam OP
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IM PACT Isotope and Muon Production using Advanced Cyclotron and Target technologies
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TATTOOS as Part of the IMPACT Proposalis
on the Roadmap of Swiss Research Infrastructures for 2025-28

-

https://www.sbfi.admin.ch/dam/sbfi/en/d
4 okumente/2023/06/roadmap_forschungsi
nfrastrukturen_2023_teil_1.pdf.download.
pdf/Roadmap_Forschungsinfrastrukturen
_2023_Teil_1_EN.pdf
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Calculated Production Rates at TATTOOS

PSI

CERN 2uA TATTOOS 100uA Calculated patient
Radionuclide Produced 600MeV 590MeV* doses

Mass
number

Element

b
b
b
Tm
Er
Ac
Ra
Ac
Ra
Rn
Ra

149
152
155
165
165
225
225
225
225
211
223

* theoretical calculations; ** assuming ISOLDE yields

Target material

Ta
Ta
Ta
Ta
Ta
UCx
UCx
ThCx
ThCx
ThO2
ThCx

Tis2
4.118 h
17.5h
5.32d
30.06 h
10.36 h
9.92d
14.9d
9.92d
14.9d
14.6h
11.43d

Irradiation time:

12h

0.375
0.038
0.006
0.532
0.662
0.021
0.014
0.024
0.012
0.139
0.036

Irradiation time:
6d

GBq**

21
5

3
106
60
10
7
12
6
12
19

No reference
No reference
No reference
No reference
No reference
Ca. 1’300
Ca. 700

Ca. 1’500
Ca. 800

Ca. 50

Ca. 4’500
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